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Colonizing ability and immunogenic! ty of a gaJE 

a roAu,^ ? J" enteroadherent Escherichia cog ?" 
A. CRAVIOTO», R.E. REYES, O. BE NITKZ A TEL LQ F 

y Tecnologia-DIF, Mexico City. 

c^tSSl^T^ mutant ° £ 30 enteropathogenic Escherichia 
^tri^£ f Ser0t I pe °V ,:H2 Carr * in S ^ Kb deletion 
a Chromosome » capable of expressing 
Lrj!? P^^oded outer-membrane-protein (OMP), which 
has been associated with enteroadherent ability of EPEC was 
^ t t !l f ^ Sa * e *> immunogenicity in adult volunteers after 
were *v^^ was obtoi ^- Twenty-two volunteers 

^ Wlth 6 X 10 bacteria/ml of the gaJE 
mutant and of a non-pathogenic fecal E. coli . None deWooed 

E coli^ftL tC l ted f0r P resence °* mutants of * 

c. cou after growth in nutrient agar containing 5.5 mM 
galactose and 0.005% neutral red. Growth in these Mates 
was d-ansfered to Whatman 541 filters and tj^ * dSX 
hybridization for the EAF plasmid which codes for the 94 kDa 
M £.r?2E! Strai ? Were isolated *U vaccinated subjects 

ILSSTfJfT in °°i! tl0n; straira became the predomWnt 

feet bv £! ?r ^ nCXt , ^ disa PP eari "g from the 

leces by day 10 post-inoculation. A four-fold or greater rise 

W^OUP^i^ * OU1 LPS ^ to tiU purified 
9* kDa OMP was observed in 92% of vaccinated individuals. 



" mM?^! C n FUSi ° n i? f 3 £ eptide From Streptornrruc 

B Suhunit. ""Jfani G lu "syl transferase B to Cholera Toxin 

Rich^on! u ThzVslm. C °™ 0nweaUh University, 

The B subunit of cholera toxin irt*R\ k** k„~ 
IM..' K 1,CU 1m,un1t > '" ^Sl^ Vo e n e " r6 " 

ggrsMSB. ssssas; w?l 

acid sequence of an antigenic region of atfB »! ,!„^ 

Hf'ST °f tHe ^ 96n ' and transfor^fr^o I 

The chimeric protein retained its ability to bind gmT 

?n?J^ 1d V h1ch is a P r °P ert y of £liB y Holler 1.1 
filtration chromatography revealed thf quaternary 9 

e^urnola^y^ £ 5*' ^ ^ " tta 
seru ra IgG antibo5le f ? «re b elfc1t B ed 5*t h S - S3S°K d I ?? x S nd 
gene products upon feeding 500 m of the chimerftn^fr. 

d p™ de u n?t S h tr a at m„d^ i^^^^Si 
of cLb cMme U r,rls oraT^r 1 "*''' 9 th6 6ffiCacy 



1-MUMtion In Wee. K.-C. BEROIAMt, H.H. UALDPHW ■ R,r„„ . 

J. RLBSELL-JHES a The M^^TZZ^ ^'k 

w«Buy of cete, o-h.: ^^r^T' • 

Biotechnology, «U3tralia. Roseville, KM. 

^ l L ' 8 J «^it function to otute the ™ t 
-Minister* anu^. ^ rf^^ZT^jSS',, 

"accine/dMB). (b) higher dese (0.50 ml), (c) lo«r dose* LTB ftl « 

hfr^^-T^,^^ Even c^Parod to >ice receiving a 

pius adjuvant sntMed a significantly greater antibody 
"*P°nse (nearly 3-fold greater for IgA, 4-fold ^ter £ 



Oi/oniydia trachomatis Major Outer 
u . ^ Memb^e lYotein Serotype-Spectfic Epitope as a LamB 
Hybrid Protein in Avinitent Salmonella typhtmurtum. Y X. ZHANG* 
H- SU. Y.-Q. ZHU. and H. D. CALDWEXL L^MSFRnrloT v£nr«*in 
Labs. NIAID, NTH. Hamilton, M^Qsia R ° Cky Mountaln 

r J^^!! 011 °1 mucos ^ tmmunc responses specific to 
C trachomatis serotype- specific antigenic determinants teOwught 
blln^ n ^"T 11 ^ for ^ development of a vaccmefor 

ct^ed* rZ^rJZ ^^fP 3 transmitted infections 

caused by chlamydlae. A possible approach for evokuui 

JSo 8 ^' 8 ^ mUcosal ^unifyT^rou^ S u2 
^^S^fJS^ vectora ^ «Prek this anSen or its 

^^o&calfy relevant deterrninants at their cell surffce. The 
n^2^i n ^n? lJt , Cr rncmbranc Partem (MOMP) is the location 
of serotype- specific determinants. For serotype a tvnr.^n^X 
determtaante map to variable domain I ofSe^ro^in^ ?Sid^ 
~^ n n ^ 0 ^ tcn amino acid sequence (reSdu^^l^f 
mte domain. We have genetically fused this type-specific amino 
SJ/X™? trlmer of ^ ucncc intoOie Larn¥prSSS 

k ■SSL thC , P ^ Smld PJAC-264 and stably expressed the 

oi S. typhimurium. The expression of the serotvpe-soeciflc 
^S 1 ?? 111 38 3 LamB antigenic hybrid molecule i££ ^ deSon^ 
fh^J^J^" 71 b, ° tUng ^ a monoclonal arXdy^pecif? fo r 



E-9 Virulence and Vaccine Potential of phoP Mutants 

of Salmonella typhimurium . J. E. Calan*. 
Washington University. St. Louis, MO. 63130. 

We have constructed phoP mutants of S. typhimurium 
strains SR-11 and SL1344 and investigated iheir violence 

TnultlTTf P ° tentiai - Balb/C mi « -urvjvad challenge with 
a number of organisms that represent 10* to 10 5 times the 
per oral and intraperitoneal LD dose of the wild-type 
parent strains. phoP mutants established an infection of 
Peyer s patches for up to 7 days after inoculation and in- 

slT m LtlT lay : d (f °° tPad) ^—itivity reaction against 
Salmonella antigens, an indication of their ability to 
stimulate a cell mediated ynmune response. Immunized mice 
10 to 10 4 LD—'s of 



resisted challenge with 10" to 10' LD 5£) 's of wild type 
typhimurium SR-U. These results indicate that phoP 
mutants of typhimurium represent candidate vacci^" 
strains and potential carriers to deliver heterologous 
antigens to the gut-associated lymphoid tissue (GALT) 



E-10 Salmonella choleraesuis mutants lacking genes for 

adenylate cyclase and the cAMP receptor protein 
are avirulent and immunogenic. SANDRA M KELIY* rftw a 

SfMlssouri? CURTISS X "' """Ington Unive" i,y St 

(Curtiss and Kelly. 1987. Infect, lumun. 55:3035). Al- 

I^uS^Jl — ° ,UCatl0nS rend " S - liEhiSHIi- both 
avirulent and Immunogenic , galE S. chollra esuls mutan ts 

a" a" r ^Inri r r lenC " ""»ea S *a roA mutants 

perltoneally to mice (Nnalue and Stocker, 1986. Infect 
Immun. 54:635; 1987. Infect. Immun. 55:955). S. ehS«- 
ffflMantT'f Wi < th ^ ::Tn i°- £Z2= = TnT0. and fusaTiTlfld 
dSIT* del " ions <« °f the TnlO and 

«quence S were constructed. These TnlO- 

evaLated f" Chelr ^ «S£E darlvatlvls were 

evaluated for virulence In 8-week old BALB/c mice. Mice 
survived oral Inoculation with cr^TnlO. c^a: T n 0. ^ 
and 4cJ£ strains at doses equivalent t~3 Tlo* ti^es th! 
LD50 dose for the wild-type S. choleraesuis parent. 
Thirty days after Immunization, mice were p rotected 

of wild- type S. choleraesuis . The er^-.-.mio and Acrp 
:nr^ W m„" a „ t 1 ^ htly ~" "»lT.h. c^TfxntO 
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Oral Immunization Against Chlamydial Eye Infection 

Hugh (V Toyfor. Elaine Young, A. Bruce MocDonald,* Julius Schochrer.t and Robert A. Prendergosr 

The effects of enteric administration of different preparations of Chlamydia trachomatis prior to ocular 
challenge with five chlamydia were compared to the immunity that develops after recovery from ocular 
infection. Oral immunization with either live homologous serovar B or with formalin-tilled heterologus 
serovar L, did not influence the response to subsequent ocular challenge. Although oral immunuaUon 
with live serovar led to protection against heterologous ocular challenge with serovar B, oral imnnmaation 
with noninfectious UV-irradiated serovar L, led to more severe and prolonged disease. An immunizing 
regimen designed for maximal mucosal and systemic immunity also resulted in protection against ho- 
mologous ocular challenge. Although protection was correlated with the presence of serum IgA antibodies, 
no clear mechanism for the protective ocular immunity to chlamydial infection has emerged These 
studies show that it is possible to stimulate mucosal immunity to induce protection against subsequent 
ocular challenge wit* iC trachomatis that is equal to that which follows prior ocular infection. Invest 
Ophthalmol Vis Sci 28:249-258, 1987 



In an animal model for trachoma, monkeys develop 
resistance to chlamydial eye infection after recovering 
from a primary ocular infection.' However, this resis- 
tance is only partial, since animals still develop infec- 
tion following challenge, although it is milder and of 
shorter duration. 2 Although there is evidence for pro- 
tective immunity in chlamydial infection, much of the 
tissue damage associated with trachoma also appears 
to be immunologically mediated. 3 It has been suggested ' 
that the antigens responsible for protection may be dif- 
ferent from those causing the deleterious reactions 4 ; if 
it were possible to specifically stimulate only the pro- 
tective immune response, then this might result in a 
safe and effective trachoma vaccine. Such a vaccine 
obviously would have a tremendous impact on the 
many millions of children who live within endemic 
areas. 

The successful cultivation of Chlamydia trachomatis 
in the early 1950s opened the way for attempts to de- 
velop vaccine against trachoma. During the 1960s, a 
number of groups carried out studies on trachoma vac- 
cines in animals and in humans with vaccines designed 
to stimulate systemic immunity. 4 5 These preparations 
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contained, almost without exception, killed whole el- 
ementary bodies (EB) and were given systemically ei- 
ther by intramuscular or subcutaneous injection. 6 "* The 
overall experience of these studies was that some mild, 
limited protection often did occur, but it was, at best, 
of short duration, lasting less than 2 yr in humans. 4 -?- 9 
Furthermore, several of these studies also showed that 
a worsening of disease, or hypersensitivity to chlamy- 
dia, could be induced by an "inadequate" vaccination 
with either low potency vaccines or challenge with het- 
erologous serovars. 4 Because of both the lack of efficacy 
and concerns about safety, interest in trachoma vac- 
cines waned. 

In humans, infection with C. trachomatis, with the 
exception of the invasive L serovars, appears to be al- 
most always confined to the mucosal surface. 10 Many 
of the complexities of the mucosal immune system 
have been elucidated in the last few years. For example, 
successful regimens for specifically stimulating mucosal 
immunity have been successfully exploited for other 
infections such as cholera, 11 where preceding systemic 
vaccines were of only limited efficacy. Previous studies 
in monkey* and rats have shown that enteric presen- 
tation of antigen leads to antigen-specific priming of 
the conjunctiva, 12 13 and preliminary studies in guinea 
pigs suggest partial protection to ocular challenge with 
C psiitaci may follow distant mucosal infection. 14 In 
addition, there have been tremendous advances in the 
methods for identifying and producing purified anti- 
gens in large amounts. 15 ,h should an appropriate an- 
tigen be identified. 

For these reasons, it seemed appropriate to reex- 
amine the possibility of developing a vaccine for tra- 
choma that specifically stimulates mucosal immunity, 
is easy to administer, and does not induce hynersen- 
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^! Y Z reP ° n Prest>n,s a * ri « of stud.es of the 

° n subsequem ^ inf «« io " 

inn homav.s in a monkey model. 

Materials and Methods 

Animals 

obSZ PS r° f yOU u n8 aduk 'y™™*™ monkeys w ere 
obuined from Hazelton Laboratories (Alice TX> 

m ° nkeyS in «* *™P All 
Preparation and Administration of C tracA^/, 

yolk sac ore^ll ?™ W «"»" '« «* 

f a ^ ,enCdOS l SCOnsistedof5 X 108 EB. Monkeys w erc 

enteric dose was administered via a gastric Sbe » 
Rectal mocula contained 1 x 10-' IFLj7„h J ^ 
-inistered directly in the rectum during 

ml a "' mlls ^f"" « '°»l of I 

Franklin Square NY) for on ° ate * and Co • »nc.. 
w-« continuously alli.S. k The sus »*™on 

nativclv EB Tl * b> ' magne,ic s,i ™ Alter- 
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Examination and Specimen Collection 



The clinical response of each eye was p«w~« r 
number of individual siens thai f ° T * 

«gns of inflammation: specificallv hvnen.m.r^- 
Serology 

except for specimens from the maximal^^l • 5 > 
group, which wereassayed ^ 
meraally available reagents «Jo»«!^JS^ 
-mmunogJobuHn heavy chains were g™, an ^ 
human IgG (Hyland Labs; Costa Mesa ca\Ta 
antihuman IgM (Ka.lestad^Cn^XM^T 
sayed using rabbit antimonkey IgA (Nordic 7ml? 
nological Labs; El Torro, CA). 



Lymphocyte Proliferation Assay 



Peripheral blood mononuclear leukocvt« f"Rv« > 
were isolated from animals as previo^^^ 
PBML were suspended a, a concentration of^Tx I0 V 
ml in Minimum Essential Medium (MEM suml 

S S3£ • Pen,aHin - ,0 °' 18/ni1 "reptonTycin and 
10% fetal bovme serum (all from Gibco; GranTlsiand 

^ , " D,,CatC We " s fining 1.5 X | 0 > PBMLand 
1 00 *l of ant gen ( I0 7 serovar I pbi ^ 

S.m, uta ,„„ llkta (S1) w Jk. 
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Fig. I. Clinical ocular response of five 
naive monkeys given a single ocular in- 
oculation of live serovar B C track*- 
main on week 0 and challenged with 
the same agent on week i8. The mean 
follicular and inflammatory indices 
ibtiuum) and the frequency of positive 
chlamydial cultures (top) are shown. Er- 
ror ban represent standard error of the 
mean. 
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counts per mm (cpm) in test wells over cpm in contr 
wells. 

Results 

Primary and Secondary Responses in 
Nonimmunized Monkeys 

Five naive monkeys receiving a single ocular inoc- 
ulation with live C. trachomatis, serovar B, rapidly de- 
veloped an acute, self-limited inclusion conjunctivitis 
(Rg. I). Nonspecific signs of inflammation (inflam- 
matory index) resolved within I month, whereas the 
follicular response (follicular index) waned more 
slowly. All animals had clinically recovered by 12 wk 
After recovery, these animals demonstrated ocular im- 
munity to chlamydial infection and were relatively re- 
sistant to ocular challenge with the same organism (Fig. 
I). Clinical disease resolved within 6 wk of challenge 
Positive chlamydial cultures isolated from conjunctival 
swabs were obtained for 6 wk after the initial infection 
but only for 2 wk after ocular challenge. 

These monkeys had a strong, serovar-specific ami- 
body response with IgM. IgG. and IgA antibodies ap- 
rearing ,n both serum and tears following primary in- 
fection (hfr 2). Serum serovar-specific IgG titers in- 
creased w,th secondary challenge with little change in 
the titers of the other antibody classes. 



The Effect of Oral Immunization With live Agent 

Two groups of five monkeys each were immunized 
orally at weeks 0, 1, and 2 witn live chlamydia of either 
serovar B or serovar L 2 and given an ocular challenge 
with serovar B at week 3. The clinical and microbio- 
ogical response of monkeys orally immunized with 
live serovar B EB was essentially the same as nonim- 
munized animals (Fig. 3A). They had recovered clin- 
ically within 12 wk, and positive chlamydial cultures 
persisted for 4 wk. However, monkeys immunized with 
live serovar L 2 had milder disease than nonimmunized 
monkeys (Fig. 3B) and responded in a similar way to 
ocular immune animals (vide supra). Clinical disease 
resolved in 7 wk, although one animal had mild per- 
sistent clinical disease and gave weakly positive con- 
junctival cultures Tor 8 wk. One monkey fed live serovar 
L 2 died 5 wk after ocular challenge. No evidence for 
disseminated chlamydial infection was found on au- 
topsy. 

Monkeys immunized with live serovar B developed 
moderate serum serovar B-spccific IgM and IgG titers 
within 2 wk of immunization, but neither serum IgA 
antibodies nor tear antibodies of any class were detected 
until after ocular challenge (Fig. 4A). Two weeks after 
ocular challenge, there was a rapid appearance of an- 
tibodies of all three isotypes in the teare. There was a 



252 ^TOATTVE OPHTHALMOLOGY G VISUAL SCIENCE^t^ry 1987 



Vol 26 





Orol 8 Ocutof Cftoitcng* 

WEEKS 



UJ 
O 



to 
o 
a 



x 

UJ 

o 



< 
s 



B 



100 
50 - 



o o 6 



n n o P » 



Follicular fndti 
Inflammatory Indti 




Oral L2 Ocular ChoMena* 

WEEKS 



•4V* ; ~^^ »— .c..—» 



No 2 



IMMUNIZATION AGAJNSr CHLAMYDIA / ToyJdWo* 



4 



2048 r 




OrolB OcuforChontAft 

WEEKS 



B 



Orel LZ Ocutor Chellin9« 

WEEKS 



S SEROTYPE 
• l«C 

& Ig A 
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corresponding increase in serum IgM and IgG, and 
IgA also appeared in serum at this time. The monkeys 
immunized with live serovar L 2 developed comparable 
serum serovar B-specific IgM and IgG titers but also 
developed senim IgA antibodies after immunization 
(Fig 4B). Antibodies were not detected in tears before 
challenge, although a rapid tear antibody response fol- 
lowed ocular challenge. In this group, IgA and IgM 
could be detected within I wk of challenge compared 
with 2 wk in the animals oraiiy immunized with serovar 
B and 3 wk in nonimmunized animals. High there of 
IgM persisted in the serum and tears of both immu- 
nized groups of monkeys. For both immunized groups, 
the mean serovar-sperific antibody titers for serovar B 
or serovar L 2 for each antibody class did not differ by 
more than one dilution (data for serovar L 2 not shown). 

Tbc Effect of Oral Immunization 
With Inactivated Agent 

Because oral immunization with viable serovar L 2 
produced some protection to ocular challenge, we next 
examined the effect of oral immunization using inac- 
tivated serovar I.,. Two groups of five monkeys each 



were immunized orally following the previous schedule. 
At weeks 0, I, and 2, they were given serovar L 2 EB 
inactivated by either formalin or UV irradiation. They 
were challenged with ocular serovar B at week 3. The 
clinical and microbiologic response in the monkeys 
immunized with formalin-inactivated serovar L 2 EB 
was similar to that of nonimmunized animals (Fig. 5A). 
Clinical recovery was seen by 10 wk, although positive 
conjunctival cultures were obtained for up to 10 wk. 
In contrast, oral immunization with UV-inactivated 
serovar L 2 resulted in the marked prolongation of clin- 
ical disease and positive culture isolates (Fig. 5B). In 
this group, disease resolution was delayed for over 5 
months, and positive cultures were obtained for up to 
10 wk after challenge in 80% (4 of 5) of the animals. 

Two monkeys orally immunized with formalin-in- 
activated serovar L 2 EB developed serovar B-specific 
IgM antibodies before ocular challenge. These two an- 
imals also had low serum titers of antiserovar L 2 IgM 
and IgG antibodies (titers of 1:16 for each) 3 wk after 
the initial feeding. After challenge, the serum antibody 
responses in this group to serovar B (Fig. 6A) and se- 
rovar L 2 (data not shown) were essentially the same as 
nonimmuni/cd monkeys, although lower titers of each 
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Hg. 5. (A) Clinical ocular response following challenge with serovar 

C '"**<"»«"* and challenged with serovar B at week 3- (B^Z 
monkeys orally immonized ^o, 

*<"*»• The response of naive animals is shown in b«Aen 
lines for comparison. Error bars represent SEM. 



UvZ£ K iR ,CaR ° ra ' ionization with 
UV.,„act,vaied serovar L, EB induced a serum feM 

of 1.128 for each serovar). Following ocular challenge 
the serum antibody response to serovar B (Fig. 6B) was" 
s.m,lar «o ,ha. observed in nonimmunized aSmaS 
snown ,„ F,g. 2). aUhough .he IgM response was muS 
gn^ter and more prolonged than in normal monkeys 
The .ear IgM and IgG response was ideniical .o non* 
rZ Una t amm * f ° M0Wing Prima ^ <* u,a ' infection- 
SS. ,Car * reSP ° nSe b ° th ddayed and 

rThe Effect of Maximal Immunization 
ni, I > n si, n m "^ P, ,0 indUW n ' aAi '" a, ,n ™" 1 

on Cks o an rs7,7 8 'ru an ini,ia ' reC,a, infectio « 
, 5 f0 " 0Wed by distan « mu «>»« (oral) 
f f m ' c (,n,rai "««ular, boosting on weeks i. 12 
and 14. In this experiment, serovar E was used for bo.h 

iSSSS" and t ocu,a l cha,lcnge MiW P roc,i « is * 

w,.S«! m ° n i CV5 aftCT ,hc firs " rcc,a ' inoculation 
J^SS?* ^ markcd but sti » *"--«miting 
S u ' hC SCt '° nd Positivc chlamydia cult 
urcs from «hc rectum confirmed .he establishment of 

hcrc , was no spread ° f infection «° 

•he eyes followmg rec.al inoculation or oral immuni- 



zatton. After ocular challenge, thes-; animals developed 
a short-lived but vigorous clinical response (Fig. 7) 
similar to the ocular immune animals (Fig. I ) Micro- 
biological evidence of infection cleared within 2 wk 

i.m firSt reCtal inoculation ' se~var E-specific 

»gM or IgG was no. found in serum or tears, but one 
animal developed low serum titers of IgA ( 1 32) Fol- 
owing ,he second rectal inoculation, low titers of se- 
rovar E-specnc IgG and IgM were found in serum 

Sr. ?. ?" and SyStcmic boostin &' extremely 
high uters of IgA and IgG and moderate titers of Iglv? 
appeared in the serum of all animals. Low titers of IgA 

1, S L but not ,8M - also * ppeared in a < tSS 

time. Moderate tilers oflgG antibodies (mean titer I- 
320) were also detected in rectal secretions, but IgM 
was not found. Rectal secretions were not tested for 
gA. Followmg ocular challenge, serum IgG and IgM 
mm did not change, but serum IgA antibodies reached 
even h.gher titers (range 28 days post-challenge was I • 
6.384 ,o 1:32 768). Tear serovar E-specific IgA and 

.?£ T raP ' d,y 10 VCry hi8h ,i,ers > and low «i«ers of 
BM also appeared. The titers of IgG in tears exceeded 
hose in serum, suggesting that local production rather 
than transudation was responsible for much of the in- 
crease in tear antibody. 
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and challenged with serovar B al week 3. ^ 0rS " y '"""""^ «i* UV-imdialed serovar L, C. /racfeww,/, 

Cell-Mediated Immunity 

Cell-mediated immunity assayed by in vitro lym- 

phoproliferative assays of circulating lymphocytes did 

not reflect the development of ocular immunity to 

chlamydial infection. Neither the ocular immune 

monkeys nor the animals successfully immunized with 

live serovar L 2 developed a significant cell-mediated 
immune response. Cellular immunity to whole EB was 
observed only in animals immunized by intramuscular 
injection. 2 In this group, the mean SI (+ standard de- 
viation) at week 0 was 1 .5 ± 0.4 and at week 1 6 (ocular 
challenge), 11.2 ± 4.8. Parallel in vitro lymphocyte 
proliferation assays using purified chlamydial lipo- 
polysaccharidc antigen 2 ' also failed to demonstrate 
statistically significant sensitization of peripheral blood 
lymphocytes. 



Discussion 

The present scries of experiments were designed to 
compare the effect of different immunizing regimens 
with the ocular immunity that develops following re- 
covery from chlamydial ocular infection. Specifically 
we w,shed to determine whether prior distant mucosal' 
exposure to whole chlamydial EB would protect against 
subsequent ocular challenge. The oral immunizing 
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«CUl t OMl.NlLr ^OCUl«CM«.UN M 

WEEKS 

Fig. 7. Climcal ocular response of six monkeys given rectal inoc- 
u a ,„„s „f serovar E < i«rW fa on weeks 0 and 5: combined 
ora and intramuscular boosting on weeks 8. 12. and 14: and an 
ocular challenge with the same serovar at week 1 6 . The mean follicular 
and .nnammatory indices and the frequency of positive chlamydial 
cultures are shown. For the first 20 wk. both rectal and ocular cultures 
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t f t 0 

N*.««0niC OCOLAH CKALLCNCt 
WEE«S 



ft combined oral and inira^^i L. " W,von w *"'*0«nd 
■diicnge will, (he same scrovar ai week Hi 

methods were similar io those um ) ;« «. 
r»n..c co/ wovar L 2 ), and nonviab e heierol- 



after ocular challenge. Both of these features are in 
d.ca«,ve of priming G f mucosal immunTtv Th £ 

viable serovar L 2 in the one animal autopsied 5 wk 

^performed routinely in these monkeys, £££ 
rectol cultures were not obtained in this gnL^fo,! 
lowing entenc boosting in the maximallyTmu^ized 
group when rectal cultures were perfo Jed TuS 
" of ,nteresl to be effective oral shigella vacrin« 

°/P n "«""Non^^ 

D^en^ ? ^ n0 " VbWe « n °< ^"ately 

S wheLl ! T gen - prcsenting «* in 

patch. WheUier similar mechanisms operate for chla- 
mydia is unknown. With viable serovari, orgt i S ms 
there b the potential for invasion and replSln 
^mpho,d tissue that does not exist forTne She^ 

iim had recovered from ocular infection. For ,£s re! 
»n the almos, heroic combined mucosal and s^mTc 
mmunizmg schedule was used to inducTm«i™ 

were s„H ST ia " y ^ l ° bu »^ 
anS w beHer protected than the ocular immune 
animals, desp,te extraordinary titers of IgA and IgG ? n 
both serum and tears and demonstrablfcellulaHm" 

nems 0 o7hurn^, UdieS ' "* whe,ner «"»!»■ 
nents of humoral .mmumiy are important in resistance 

to ocular mfect.on. Tear antibodies were notTnducS 

w, hout ocular infection except in the J£3f£ 

r, n ? & T' but ,he brisk lear anybody respond 
that followed ocular challenge did suggest som" fo™ 

primin8 of the 

groups. An analogous situation has been found with 
ond immunmng studies using cholera toxoid " where 
orahmmunizauon primed the conjunctiva but sS 
am body-conta.mng cells were not seen prior tooc^l„ 

JSTfll" : ^ ys< !: fficu,, to ,di *«k«£SE 

n tears from inflamed eyes are locally produced in 
he conjunctiva or are part of the inflammato^ran- 
sudate from serum. A huge increase in the numte* of 
B lymphocytes m the conjunctiva has been founSTol- 
owmg chlamydial infection": moreover, as tear an- 
.body „ ers may exceed serum titers, it seems 1 kdy 
hat m large part, antibodies found in the tears are 
oca^produced. The presence of antichlamS,^ 
ant bod.es in serum did correlate with resistance To 
oculann ection. bu, i, is unclear whether 
effect of the serum antibodie, themselves or whetS 
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the presence of serum IgA is merely an indicator of 
some other priming of the immune system against 
subsequent chlamydial infection. None of the oral im- 
munizing schedules induced tear antibodies prior to 
ocular challenge, although both ocular immune ani- 
malsand maximally ..nmunized animals had tear IgA 

™ i°? ,CS J n , d WCre rCSis,an, 10 cha,ten *e '« «vcral 
bT« ™h u U ^ hee " * e « f 'ocal anti- 

bodies rather than serum antibodies that has correlated 
with resistance to chlamydial infection. 2 * " Whether 
"."^ies in either serum or tears act by preventing 

kZ£ ot by ,lmiting cxisting ,nfect ^ on is un - 

w^nTl!!!, Wor3cnin * of disea * or hypersensitivity 
was induced in animals orally immunized with UV- 

InTnv 1 * 1 ^ " Ll ER Bo,h fonna,in "eatment 
and U V ,rrad.at,on block chlamydial replication, but 
UV motivation does not prevent specific attachment 
and Phagocytosis of the EB by cells." Monkeys fed 
UV. nactivatcd EB showed no characteristics in their 
serologic or cellular immune response that could ex- 
Plain their prolonged infection and exaggerated re- 
sponse orjhat would suggest what mechanisms might I 
be involved. Grayston and Wong have emphasizedX 
inadequate" trachoma vacdnes caq in^ce hyper • 
sens.uv.ty/ especially if they are of a hetero.io^- 
rovar as was the case in these monkeys. Heterologous 
.mmun IZ at,on. however, did not lead to sensitization 
with the meflective formaun-inactivated EB, and viable 

™Zhr° 8<X ? Pr ° teCti0n CVCn ^« he <erol- 

«ro™ r !f SaOW B 11 shou,d * that 
serovars B and L 2 are antigenically related, both be- 
tongmg ,0 the "B group". "» The comparability of the 

this. It may be that heterologous challenge using or- 

Cr,L rom K he " C , 8r ° UP " W0UW ,nduce ™* severe 
2™« » he,erolo « ous chal| enge within the same 
group. However, it seems unlikely that ocular disease 
could be more severe than the prolonged disease seen 
in the group orally immunized with UV-inactivated 
EB and changed with B. The mechanist 
involved ,n the hypersensitive response are not clear 
and require further examination, as they may shed light 

to chlamydial infection that must be avoided by°,ny 
prospective vaccine. 

In summary, these studies do show that it is possible 
b) ' onl immunization to induce some degree of pro- 

TOO"*! ?■ • subscqucn, ch,an,ydial * 

fection. Although this supports the notion that mucosal 
mmunny is important in protecting against chlamydial 
infection, the overall lack of efficacy of the various oral 
•mmunuatwn regimens, except for the pathogenic live 

S V L; ?: !T lh ?/ ai,UK to better protection 
than that induced by recovery from previous ocular 



infection were disappointing. One explanation for this 
may |, e ,„ the use of whole EB as the immunizing 
antigen. It , s now clear that chlamydial EB are auti- 
genically complex and express a number of distinct 
antigens. If the immune response to chlamydta is both 
protective and destructive, immunization with whole 
EB may well induce both types of response. A purified 
antigen preparation, therefore, might be more sue- 
cessful in eliciting protection than vaccines using the 
antigenically complex whole organism. We are cur- 
v rent* exploring the efficacy of oral immunization with 
Recombinant bacteria that express a single specific^ 
{chlamydial antigen." Finally, i, may be Sat enteric 
immunization alone may not be able to prime the con- 
junctiva sufficiently to completely resist subsequent 
ocular challenge, and studies assessing topical ocular 
and combined oral and ocular immunization are 
planned. 

Key words: chlamydia, trachoma, mucosal immunity, vac- 
cination, monkeys 
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Immunization against Chlamydial Genital Infection in Guinea Pigs 
with UV-Inactivated and Viable Chlamydiae Administered 

by Different Routes 
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Female guinea pigs were immunized with viable or UV ught4nactivated chlamydiae (agent of guinea pig 
inclusion conjunctivitis), belonging to the species Chlamydia psittaci, by intravenous, subcutaneous, oral, or 
SStf animals were then inoculated vaginally with viable chlamydiae to determine Je-J^J 
protection against challenge infection induced by the various regimens. The course of geni^ «Moj was 
significantly reduced in intensity in aU groups of animals except the ummmunized controls and those animals 
SSd orally with inactivated antigen. Guinea pigs immunized with viable antigen were more hkely ^ 
develop resistance to challenge infection and, in general, had a significantly greater ^J^^^ 
animate immunized with inactivated antigen. No one route seemed superior in producing ap^otecUve response 
Animals in all groups demonstrating protection developed serum and secretion immunoglobulin G antibody 
Spouses to chlamydiae. Lymphocyte proliferative reactions to chlamydia [ W ^^^^ l ^ 
groups. Immunoblot analysis of serum and secretions indicated a wide range of an ibody bu ' 
protected animals produced antibodies to the major outer membrane pro ein, 

61-kilodalton protein. No definitive associations could be made between the increased abd.ty of ummuuM 
with viable organisms to produce resistance to challenge infection and a particular immune parameter. These 
2 indicate that viable chlamydiae given by various routes are able to induce a strong ^^^^ 
can provide resistance against reinfection in some cases or at least reduce the degree of infection tc > a i greater 
degree than inactivated antigen- However, complete resistance to genital tract infection may be difficult to 
obtain and alternate immunization strategies may have to be developed. 



Genital infections caused by Chlamydia trachomatis re- 
main a major problem despite the availability of effective 
chemotherapeutic agents. This is particularly true in fe- 
males, in that irreversible tubal damage may be produced 
before the infection is diagnosed and treated. Thus, it would 
be most appropriate to develop an immunization procedure 
to prevent infection from occurring. 

We have been studying the basic immune mechanisms 
responsible for resolving a primary chlamydial genital infec- 
tion and providing resistance to reinfection by using guinea 
pigs infected with the C. psittaci agent of guinea pig inclu- 
sion conjunctivitis (GPIC). Despite the fact that this organ- 
ism is classified as C. psittaci, the disease in guinea pigs has 
been demonstrated to closely resemble human chlamydial 
genital infections with regard to pathogenesis, pathology, 
and immunology (1, 20). We have found that both antibody 
and cell-mediated immune (CMI) mechanisms are required 
for resolution of the infection (21, 27) as well as resistance to 
challenge infection (22, 26). Of major concern, however, was 
our finding that complete resistance to reinfection following 
a primary infection was relatively short in duration. By 2 
months after resolution of the primary infection, animals 
became reinfected upon challenge but had a markedly less 
severe infection as well as one of shorter duration. This 
"partial" immunity persisted for up to about 2 years (2, 25). 
The loss of complete resistance was associated with the 
decline of immunoglobulin G (IgG) antibodies in serum and 
IgG and IgA in genital secretions as well as a decline in CMI 
response as determined by lymphocyte proliferation re- 
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sponses to GPIC antigen (25). Humans, too, can become 
reinfected, and some evidence suggests that immunity does 
develop but is also short-lived (9). Thus, the problem be- 
comes how one can induce a long-lasting protective immune 
response in the genital tract when a primary infection, 
usually the strongest immunizing event, does not itself elicit 
long-term protection. To date, no effective vaccines against 
genital infections with any of the genital pathogens have 
been developed in humans or animal models. To further 
complicate the situation, it has been suggested, although not 
proven in humans or in models of ascending infection, that 
delayed-type hypersensitivity mechanisms may actually ex- 
acerbate the disease process in the fallopian tubes (17, 18). 
There is certainly precedent for this phenomenon in chla- 
mydial infections of the eye (28, 29). 

In this study, we explored several different routes of 
immunization with either viable or inactivated antigen in the 
guinea pig model to determine whether immunity to reinfec- 
tion could be elicited. The results of challenge infection were 
correlated to levels of different immune parameters prior to 
challenge. These parameters included total anti-GPIC and 
component-specific antibody responses in serum and secre- 
tions and lymphocyte proliferation to GPIC as a measure of 
cell-mediated immunity. 

MATERIALS AND METHODS 

Experimental animals. Female Hartley strain guinea pigs, 
weighing 450 to 500 g, were obtained from Sasco Laborato- 
ries, Omaha, Nebr. All animals were housed individually in 
cages covered with fiberglass filters and were given food and 



2599 




2600 RANK ET AL. 

water ad libitum. The room was maintained on a 12:12 
light:dark cycle. , 

Infection of guinea pigs with chlamydiae. The GPIC agent 
for infection was grown in HeLa cell cultures (7). Aliquots of 
host cell-free chlamydiae were frozen in a sucrose-phos- 
phate buffer (2-SP) at -70°C until needed. Animals were 
infected by intravaginal inoculation of 0.05 ml of the GPIC 
suspension which contained 10 7 to 10 8 inclusion-forming 
units (IFU) (25). Animals were monitored for the course of 
the infection by assessing the percentage of chlamydial 
inclusions on a vaginal scraping stained with Giemsa and by 
the isolation of organisms in McCoy cell cultures from 
cervical swabs (25). The cultures were not quantified by 
were merely scored as positive or negative for chlamydiae. 
The latter method has been found to be the more sensitive of 
the two assay systems (25). 

Immunization of guinea pigs with GPIC. Viable organisms 
for immunization were grown in McCoy cells and were 
stored cell-free in 2-SP at -70°C until needed. For injection, 
the organisms were diluted in phosphate-buffered saline 
(PBS). Inactivated GPIC was prepared by treating McCoy 
cell-grown and Percoll-purified elementary bodies with UV 
light (G30T8 UV lamp, model J225, Blak Ray) at a distance 
of 10 cm for 3 h. When such preparations were assessed for 
viable organisms in cell culture, none were detected. The 
UV-inactivated chlamydiae were suspended in PBS for 
immunization purposes. 

Intravenous immunization was accomplished by injecting 
methoxyflurane-anesthetized guinea pigs in one of the super- 
ficial veins on the dorsal aspect of the pinna of the ear by 
using a 30-gauge, 0.5-in. needle bent at a 45° angle. Care was 
taken with the live material to swab the area with 70% 
ethanol after the injection. Each animal received either 4 x 
10 7 IFU of viable organisms or 100 \x,g of inactivated GPIC, 
each contained in 0.1 ml of PBS. 

Animals were injected subcutaneously in two sites in the 
inguinal area with 0.25 ml of PBS each for a total of 2 x 10 8 
IFU of viable GPIC or 500 jxg of inactivated GPIC. In one 
experiment, animals were immunized subcutaneously with 
500 (xg of inactivated GPIC suspended in an equal volume of 
Freund complete adjuvant. For the booster inoculations, the 
GPIC antigen was suspended in Freund incomplete adju- 
vant. Animals were injected with 0.25 ml of the suspension 
at four sites in the axial and inguinal areas. 

Oral immunization was performed by anesthetizing guinea 
pigs with methoxyflurane and passing a piece of Tygon 
tubing (outside diameter, 2 mm; length, 8 cm) connected to 
an 18-gauge, 1.5-in. needle about 6 cm into the oral cavity. 
Each animal received 0.5 ml of PBS containing either 2 x 10 s 
IFU of viable chlamydiae or 500 (xg of inactivated organ- 
isms. 

In one experiment, guinea pigs were immunized by a 
single ocular infection with 5 x 10 6 IFU as previously 
described (23). 

All animals (except those ocularly immunized) were given 
a primary inoculation followed by two booster inoculations 
at 2-week intervals and were challenged 2 weeks after the 
last immunization by intravaginal inoculation. During the 
immunization period all animals, particularly those given 
live organisms, were monitored for the development of 
ocular (except the ocular-immunized group) or genital infec- 
tions. If animals were positive for either, they were elimi- 
nated from the study. 

Determination of antibody levels. Sera and genital secre- 
tions were obtained from guinea pigs as previously described 
(22, 27) and stored at -20°C until all specimens in the 
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experiment were collected. Serum IgG was measured by an 
enzyme-linked immunosorbent assay using HeLa-grown 
GPIC elementary bodies as the antigen and peroxidase- 
labeled rabbit anti-guinea pig IgG (heavy- and light-chain 
specific) (ICN ImmunoBiologicals, Lisle, 111.) (23). IgA in 
genital secretions was determined by a similar assay except 
that rabbit anti-guinea pig IgA (a-chain specific) (ICN) was 
used, followed by peroxidase-labeled goat anti-rabbit IgG 
(heavy- and light-chain specific) (ICN) (23). 

Immunoblot analysis. Sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis, electrophoretic transfer of chla- 
mydial proteins to nitrocellulose membranes, and imrnuno- 
blotting assays were performed as previously described (2). 
Nitrocellulose membranes were blocked by using a solution 
containing 150 mM NaCl-10 mM Tris-0.5% (wt/vol) nonfat 
dry milk (Carnation), pH 7.4. Guinea pig serum specimens 
were diluted 1:500 to 1:1,000. Antibody binding was local- 
ized by using rabbit anti-guinea pig IgG (heavy- and light- 
chain specific) (Miles Laboratories, Inc., Naperville, 111.) 
followed by radioiodinated goat anti-rabbit IgG (Cooper 
Biomedical, Inc., West Chester, Pa.) and autoradiography. 

Individual immunoreactive bands were judged to be 
present or absent in a blinded fashion. Molecular weights 
were assigned to minor bands by measuring their migration 
on autoradiograms and comparing them to a plot of migra- 
tion versus molecular weight. Major bands of known molec- 
ular mass (39-kilodalton [kDa] major outer membrane pro- 
tein [MOMP], 61 kDa, 15 kDa) were used as standards. 

Determination of cell-mediated immune response. CMI 
activity in immunized animals was assessed by the prolifer- 
ative response of peripheral blood lymphocytes to GPIC 
antigen and concanavalin A (Sigma Chemical Co.) 2 to 3 
days before challenge infection (25). Four milliliters of blood 
was obtained by cardiac puncture, and the blood was mixed 
with sodium citrate. The blood was diluted with 3 volumes of 
RPMI 1640 and centrifuged at 400 x g for 40 min over 
Histopaque (specific weight, 1.077 g/ml) (Sigma). Peripheral 
blood mononuclear cells were collected from the interface, 
washed, and placed into microculture at 2 x 10 5 cells per 
well in RPMI 1640 containing 10% fetal calf serum, 50 nM 
2-mercaptoethanol, 2 mM glutamate, and penicillin (100 
U/ml) and streptomycin (100 mg/ml). UV-inactivated HeLa- 
grown GPIC antigen (7) was added to triplicate wells at 16 
u,g/ml, and concanavalin A was similarly added at 2.5 p-g/ml. 
Cultures were labeled with 1 ^Ci of [ 3 H]thymidine per ml 
over the final 24 h of a 5-day incubation at 37°C in 5% C0 2 . 
The results were expressed as the mean counts per minute of 
cultures from five animals. 

RESULTS 

Course of challenge infections. In order to determine 
whether protection against a genital tract infection could be 
elicited with an inactivated antigen, an immunizing regimen 
was used which incorporated the use of Freund complete 
and incomplete adjuvants with UV-inactivated GPIC in the 
immunization of five guinea pigs. Another group of five 
guinea pigs was given a single ocular infection with GPIC as 
a positive control, since it has been previously shown that 
this would induce protection against a genital infection (14; 
R. G. Rank, unpublished data). A third group remained 
unimmunized to serve as an infection control. 

Both immunized groups demonstrated a significant degree 
of protection when compared to challenged unimmunized 
controls (P < 0.001, according to a two-factor [days, treat- 
ment] analysis of variance with repeated measures on one 
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FIG. 3. Course of infection in groups of animals immunized with 
either viable or UV-inactivated GPIC by various routes as measured 
by isolation of GPIC from cervical swabs. I.V., Intravenous; S.C., 
subcutaneous. 

nous inoculation of viable GPIC produced resistance in 6 of 
15 guinea pigs. Animals immunized orally with live organ- 
isms resolved the challenge infection more quickly than 
control guinea pigs or guinea pigs immunized with inacti- 
vated antigen. However, some animals immunized with 
viable GPIC remained infected as long as unimmunized 
controls. 

The difference in protective capacity of the live versus 
inactivated vaccines was analyzed by determining the length 
of infections, as determined by isolation of GPIC, of animals 
receiving live or inactivated preparations. This information 
was combined for all animals immunized with viable organ- 
isms and all animals immunized with inactivated organisms, 
regardless of the route, and the percentage of each group 
with infections of n days in length was determined (Fig. 4). 
Animals immunized with live organisms had significantly 
shorter infections (8.1 ± 6.6) than those animals immunized 
with inactivated organisms (15.2 ± 4.3) or unimmunized 
controls (16.0 ± 1.5) {P < 0.0001 according to a one-tailed / 
test). 
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LENGTH OF INFECTION (DAYS) 

FIG. 4. Length of infections of guinea pigs immunized with 
inactivated or live organisms or those remaining untreated. The total 
number of animals for each group is given in parentheses, and each 
bar represents the percentage of that total which had infections of n 
days. Infection was determined by isolation of organisms from 
cervical swabs obtained at 3-day intervals. 

Immune parameters. Various immune parameters were 
determined on all animals 1 or 2 days prior to challenge 
infection in an attempt to correlate protection or resistance 
with a particular immune response. Figure 5 represents a 
single experiment in which five animals each were immu- 
nized with viable or inactivated antigen by intravenous, 
subcutaneous, or oral routes. All groups with the exception 
of the group immunized orally with inactivated antigen 
produced high serum and secretion IgG antibody responses. 
IgA antibody levels in genital secretions were low through- 
out except for animals immunized subcutaneously with 
inactivated antigen. When peripheral blood lymphocytes 
were tested for proliferation to GPIC antigen, the best 
responses were seen in subcutaneously immunized guinea 
pigs either with live or inactivated antigen. Although results 
were not shown in Fig. 5, the two animals in the group 
immunized orally with inactivated antigen which were im- 
mune were the only animals in that group to have elevated 
serum and secretion IgG as well as lymphocyte proliferation 
responses. It is interesting that nonspecific lymphocyte 
proliferation as measured by the response to concanavalin A 
was significantly greater {P < 0.05 according to a one-factor 
analysis of variance with Scheffe test for groups with signif- 
icant differences) in the animals infected subcutaneously 
when compared to all groups except for intravenously in- 
fected guinea pigs (data not shown). 

When a correlation matrix (Pearson's) was performed on 
data from 89 animals included in this study for which 
antibody and proliferative responses were available, the only 
parameter which correlated with low inclusion scores upon 
challenge was the level of serum IgG antibody. Thus the 
higher the titer of serum IgG antibody to GPIC, the lower the 
inclusion scores in challenged animals. Although the level ot 
secretion IgG was strongly correlated to that of serum IgG, 
no association was seen between the level of infection and 
the titer of secretion IgG. 

Antigen-specific antibody response. The antigen-specinc 
antibody response in serum was also assessed prior to 
challenge infection to determine if the presence or absence 
of an antibody response to a particular antigen could be 
associated with protection or susceptibility to challenge 
infection. Each serum was evaluated for the presence of IgG 
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antibody to each of 13 different antigens. With the exception 
of most guinea pigs immunized orally with inactivated anti- 
gen which had negligible antibody responses, all animals 
produced serum antibodies to the 61-kDa protein and a very 
high percentage responded to MOMP and lipopoly saccha- 
ride (LPS) (Table 1). The 61-kDa protein is an outer mem- 
brane protein analogous to the cysteine-rich outer membrane 
protein of C. trachomatis (6) although a Sarkosyl-soluble 
protein comigrates with it in preparations of whole elemen- 
tary bodies. The 61-kDa Sarkosyl-soluble protein is probably 
the same as the 57-kDa delayed-hypersensitivity protein 
reported by Morrison et al. (11). To differentiate between the 
Sarkosyl-soluble and Sarkosyl-insoluble moieties appearing 
in the 61-kDa area, some sera in each group were assessed 
for antibody activity to the two Sarkosyl fractions by immu- 
noblot analysis. Virtually all animals responded to the 61- 
kDa protein in both soluble and insoluble fractions (data not 
shown) as has been seen before (2). Most animals also 
responded to the 47-kDa moiety. The serum antibody re- 
sponses to other antigens were variable among and within 
the different immunization regimens. 



One interesting observation is that sera from guinea pigs 
immunized orally with viable GPIC were consistently posi- 
tive only in their reactions to MOMP, LPS, and the 61-kDa 
protein. Moreover, the two protected animals in the group 
immunized orally with inactivated GPIC were the only 
animals in that group to respond to the 61-kDa protein (both 
animals), MOMP (1 animal), and LPS (both animals). 

Similar results were obtained upon determination of the 
secretion IgG antibody response although not a large number 
of animals were tested. Antibodies to MOMP, LPS, and the 
61-kDa protein were present in the majority of the animals. 
Even the animals immunized orally with inactivated GPIC 
had a high response rate to the 61-kDa protein and about a 
50% response rate to MOMP. The remainder of the reactions 
among all immunization groups to other antigens was vari- 
able. 

DISCUSSION 

The data presented in this study indicate that immuniza- 
tion of guinea pigs with UV-inactivated GPIC elementary 



Antigen 



TABLE 1. Serum IgG antibody responses to specific chlamydial antigens as determined by immunoblot analysis 

9c of animals responding to antigen (no. of animals tested)" 





Ocular (5 J 


i.v.-live (15) 


i.v.-UV (15) s.c.-live (10) 


s.c.-UV (10) 


Oral-live (9) 


Oral-UV (10) 


s.c.-oral (5) 


84 kDa 


100 


87 


80 80 


90 


33 


10 


0 


72 kDa 


20 


53 


33 50 


50 


11 


0 


0 


61 kDa 


100 


100 


100 100 


100 


100 


20 


100 


52 kDa 


20 


47 


0 50 


0 


11 


0 


0 


47 kDa 


100 


100 


93 60 


100 


89 


50 


80 


MOMP 


100 


100 


100 90 


100 


100 


10 


80 


35 kDa 


0 


47 


93 40 


90 


11 


0 


20 


33 kDa 


100 


73 


7 40 


20 


11 
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20 


31 kDa 


40 


73 


20 40 


50 


11 
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27 kDa 


80 


100 


87 80 


90 


22 


0 


40 


19 kDa 
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100 


87 0 


90 
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40 


15 kDa 


100 


47 


53 100 


80 


67 


70 


40 


LPS kDa 


100 


100 


93 100 


100 


100 


20 


100 



" Regimens: i.v., intravenous; s.c. subcutaneous. 
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bodies is able to provide a significant measure of protection 
against a challenge infection in the genital tract. This pro- 
tection is, however, only reflected in a decreased intensity of 
the challenge infection and not in an increased resistance to 
infection nor in an abbreviated infection course; i.e., all 
animals given inactivated antigen became infected, and these 
infections were unaltered in duration compared to controls. 
The route of immunization did govern to some extent the 
development of protection against challenge. Both intrave- 
nous and subcutaneous routes were effective in inducing a 
protective immune response as judged by a decrease in 
inclusion scores, but oral immunization conferred protection 
in only a small proportion of animals. Only when oral 
immunization was preceded by a subcutaneous primary 
injection did immunity result. The lack of significant protec- 
tion by oral immunization with inactivated organisms was 
somewhat unexpected since induction of an immune re- 
sponse with an inert antigen via a mucosal pathway has been 
shown to elicit a good response at other mucosal sites (10). 

Since it has been previously observed by others that prior 
genital, ocular (8, 14), or oral (16) infection results in 
resistance to reinfection at a distant site in a certain percent- 
age of animals, we compared the effect of inoculation of 
guinea pigs with viable GPIC by the intravenous, subcuta- 
neous, ocular, and oral routes to immunization with inacti- 
vated antigen via these same routes (except the ocular 
route). Interestingly, injection of viable organisms by the 
intravenous and subcutaneous routes resulted in 40 and 20%, 
respectively, of the animals being completely resistant to 
reinfection. Although oral inoculation of live GPIC did not 
elicit resistance to reinfection, the course of infection in 
most animals was considerably shorter than in control ani- 
mals or animals immunized with inactivated antigen by any 
route. A smaller percentage of animals in each group had 
challenge infections of normal duration. Thus, immunization 
with viable organisms produced a significantly stronger 
immunity than immunization with inactivated antigen. Mur- 
ray and Radcliffe (15) reported similar findings in attempts to 
immunize against ocular GPIC infection. In their studies, 
Formalin-inactivated antigens were found to be ineffectual in 
inducing immunity as judged by inclusion scores, while 
intraperitoneal injection of viable GPIC was able to reduce 
the level of subsequent ocular challenge infection. More- 
over, Taylor et al. (30) also found that orally administered 
live but not UV-inactivated C. trachomatis serovar L 2 was 
able to induce a protective response against serovar B 
challenge in their primate model for trachoma. 

When the immune response of the immunized guinea pigs 
was determined prior to challenge, a correlation was seen 
between the level of serum IgG and reduction in infection 
intensity, but no factors were found which could be associ- 
ated with the increase in incidence of resistance to infection 
and the shortened duration of infection seen in animals given 
viable GPIC. Both intravenous and oral route groups given 
inactivated antigen had significantly lower lymphocyte pro- 
liferation reactions, but inactivated antigen administered 
subcutaneously induced a very strong proliferative response 
with no apparent difference in the kinetics of the challenge 
infection. The strongest T-cell response occurred in the 
group injected subcutaneously with viable GPIC. This group 
also had an increase in the nonspecific T-cell proliferative 
response, but the resulting infection course upon challenge 
was not remarkably different from the other groups given 
viable organisms. 

The only factor positively identified with a protective 
response, as measured by inclusion scores, was the ability of 



the immunization regimen to induce the production of serum 
IgG. That serum antibody plays an important role in immu- 
nity to reinfection has been demonstrated previously when 
we were able to elicit a reduction in infection intensity by the 
passive transfer of immunoglobulin from immune animals to 
naive guinea pigs (24). Moreover, animals deficient in anti- 
body but competent in CMI response to GPIC became 
reinfected upon challenge with infections resembling a pri- 
mary GPIC genital infection (22). 

It is quite likely that antibody in secretions is responsible 
for reducing the level of infection in all animals demonstrat- 
ing some degree of protection. As would be expected, 
antibodies to a wide range of antigens were detected by 
immunoblot. The only antibody responses which were con- 
sistent among protected animals were directed against 
MOMP, LPS, and the 61-kDa protein(s), which would sug- 
gest that protective epitopes are contained on these moi- 
eties. Monoclonal antibodies to MOMP have been shown to 
neutralize infectivity both in vivo (31, 32) and in vitro (5, 19). 
We have demonstrated that MOMP, purified by using a 
nondenaturing detergent extraction, is capable of inducing a 
protective response against GPIC genital infection in guinea 
pigs (B. E. Batteiger, R. G. Rank, and L. S. F. Soderberg, 
unpublished data). 

The reasons for the difference in protective capacity of 
live- versus inactivated-antigen immunization regimens are 
not clear, especially since UV inactivation does not alter the 
ability of the organism to enter the host cell or resist 
lysosomal fusion (4, 12). It is certainly possible that the live 
infection generates quantitatively more antigen by nature of 
replication, but one might expect that a difference should be 
reflected in the level of antibody and lymphocyte prolifera- 
tive responses, which was not the case. More likely possi- 
bilities are that either different antigens are expressed by the 
dividing organism or that macrophage processing of a viable 
organism with the ability to replicate intracellularly results in 
a qualitatively different immune response, particularly with 
respect to the T-cell response. This concept is not without 
precedent. Muller and Louis (13) have reported that protec- 
tive T-cell clones could be generated in vitro by using viable 
Leishmania organisms as the antigen, but they could not be 
induced with inactivated antigen. In fact, T-cell clones 
elicited with inactivated antigen were more likely to induce 
an immunopathclogical but not protective response. 

The significance of this study is that a certain degree of 
immunity can be produced by immunization with inactivated 
antigen and to a somewhat greater extent with viable chla- 
mydiae. Aside from the impracticality of immunizing with 
viable chlamydiae in human subjects, an important point to 
consider is that none of the regimens tested could reliably 
prevent challenge infection. In fact, it should be noted that 
actual genital infection, which should be the strongest im- 
munizing event, results only in complete immunity to rein- 
fection for a very short period of time, with animals becom- 
ing reinfected if challenged as soon as 50 days after 
resolution of a primary infection. Therefore, it is reasonable 
that an objective other than complete prevention of genital 
infection should be pursued. Since the major morbidity 
associated with genital infection is the development of 
salpingitis with resultant tubal obstruction, an appropriate 
immunization strategy would be the prevention of ascending 
infection but not necessarily the prevention of lower-genital- 
tract infection. The feasibility of this approach has been 
suggested by a study of recurrent gonococcal infection (3). 
Women who had pelvic inflammatory disease (PID) and 
were reinfected in the lower genital tract with the same 



I UN. 

rum 
mu- 
'hen 
the 
Is to 
inti- 
ame 
pri- 

ible 
rat- 
ted, 
by 
;on- 
inst 
>ug- 
noi- 
n to 
19). 
g a 
iga 
nea 
*rg, 

' of 
are 
the 
sist 
live 
;of 
I be 
:ra- 
ssi- 
the 
ble 
s in 
/ith 
out 
ec- 
ble 
be 
nes 
ace 

of 
ted 
ila- 
ith 

to 
bly 
hat 
m- 
in- 
m- 
ter 
o\c 
tal 
ity 

of 
ite 
ng 
al- 
en 
3). 
nd 
ne 



Vol. 58, 1990 



IMMUNIZATION AGAINST CHLAMYDIAL GENITAL INFECTION 2605 



serotype had no recurrent PID. However, women who were 
reinfected with a different serotype had a 50% incidence of 
PID. Thus, the primary infection was able to prevent salpin- 
gitis upon challenge infection but not able to prevent infec- 
tion of the lower genital tract. Since the data in the guinea pig 
model indicate that the level of infection can be reduced in 
immunized animals for relatively long periods of time, this 
strategy is a reasonable possibility. 
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Systemic Immunization With Hsp60 Alters the 
Development of Chlamydial Ocular Disease 

Roger G. Rank* Christopher Dasclierj Anne K. Boxolin* and Patrik M. Bavoilf 



Purpose. To determine whether immunization with recombinant HspbO would exacerbate 
ocular pathology on challenge with viable chlamydial elementary bodies. 
Methods. Guinea pigs were immunized either subcutaneously with recombinant HspttO or both 
subcutaneously with recombinant HsprtO and ocularly with attenuated Scdtmmrlla typhimurium 
expressing the guinea pig inclusion conjunctivitis (GPIC) HsptiO antigen. All animals were 
challenged in the conjunctiva with the agent of GPK and the degree of gross ocular pathology 
was determined. Immunoglobulin G (IgG) and immunoglobulin A (IgA) antibody titers to 
Hsp60 were measured in ocular secretions as a measure of the degree of immunization. 
Results. In primary and challenge GPIG infection, the degree of gross ocular pathology was 
lower in the immunized group. The presence of high IgA and IgG antibody titers to HsptiO 
in tears suggested that the response may have been modified by the presence of blocking 
antibodies that either may have removed the antigen quickly or prevented interaction with 
V >; vi ; . . sensitized T cells. In contrast to subctfifci^^ imimutfzation^-^ 
r ! regimen, consisting of SiibrVitancoVis rca 
; * the attenuated Salmonella, resulted in iu\HilUMciue in gross pathology ann ret nice lion ul 
" guinea pigs with GPIC., / ( .... ,. .. . w . y-., ■ - " 

Condusions. T^csc da>a ijirJicated tha^ Jie mimi|uizati<>n\vith IfspM.did not ,>rodur*f eXiW<« ^ 
J bated disease on challenge with viable 'organisms; however, the data suggested that the route 
of administration, form of antigen, or both may be critical in the disease process. Invest 
Ophthalmol Vis St i. 1995; 36: 1 344 -135 1. 



It has been well documented in the human 1 ~ and in 
the primate* that trachoma results primarily from an 
immunopathologic response to repeated or chronic 
infection with Chlamydia trachoviatis. Although the use 
of a whole elementary body vaccine for trachoma is 
not endorsed, it is of interest to determine those chla- 
mydial components responsible for eliciting the 
pathologic response. By definition, these may not be 
the optimal components of a vaccine and should in 
fact be deleted from a potential vaccine. 

At least one candidate for an antigen capable of 
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eliciting suc h a response is the 57-kd heat shock pro- 
tein (Hsp60) of Chlamydia. Walkins et al' originally 
reported that a Triton-X 100 extract of elementary 
bodies (KB) from the C. psittaa agent of guinea pig 
inclusion conjunctivitis (GPIC) could elicit a patho- 
logic response in the eyes of previously infected 
guinea pigs that resembled the reaction to a primary 
GPIC infection. The guinea pig-GPIC model was 
found to be an excellent model for trachoma because 
repeated infection can produce a disease similar to 
that appearing in humans.' Morrison el al*" later 
cloned and identified the active component of this 
extract as the chlamydial hoinologue of \ Escherichia coli 
(ii'oKL. The homologous protein isolated from C. tra- 
chomatis was found also to be capable of inducing a 
delayed-type hypersensitivity (DTH) response in the 
eyes of previously infected monkeys." Although it is 
not clear if there are other chlamydial antigens that 
can elicit a DTH response, it seems obvious from these 
experiments that any potential vaccine against Chla- 
mydia should not include the HspfiO protein. 

I lowevei , one caveat of the above studies was that 
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the response was always eli^PTwith purified proton 
in a buffer containing Triton X-100, an artific ial situa- 
tion. No experiments have been reported in which 
animals sensiti/ed to HspfiO by pnor immunization 
had more severe reactions when challenged with live 
KB. The purpose of this study was, thus, to determine 
whether immunization with HspfiO would actually 
elicit an exacerbated pathologic response when ani- 
mals were challenged in the eye with viable GPIC. 



METHODS 
Experimental Animals 

Female Hartley strain guinea pigs, each weighing 450 
to 500 g, were obtained from Sasco laboratories 
(Omaha, NE). All animals were housed individually 
in cages covered with fiberglass filter tops and given 
food and water ad libitum. Unless stated otherwise, 
each experimental group routinely consisted of five 
animals. Experiments were repealed at least once. All 
animal experiments adhered to the ARVO Statement 
for the Use of Animals in Ophthalmic an/1 Vision Re- 
: search. ^ '-. ^ ' * ' 

Culture of Chlamydial, *nd Assessment of 
Infection 

Purification of C;PIC for antigen and for infection pur- 
poses was performed accoiding to standard practices 
previously described." Stocks for infection were pre- 
pared in McCoy cells while antigen was prepared in 
Hel-a cells. The infection was assessed by the collec- 
tion of conjunctival .scrapings using a dental plastic 
instrument and then staining with Giemsa. ,u The in- 
clusion score was determined as the percentage of 
epithelial cells containing chlamydial inclusions! 

Ultraviolet (UV) light-inactivated GPIC was pre- 
pared by irradiating a suspension of GPIC approxi- 
mately 10 cm from a Germidical lamp (Westinghou.se 
Sterilamp M36I5L) for 2 hours with constant stirring. 
This procedure has been found to inactivate 100% of 
the organisms present. 

Infection of Guinea Pigs 

Guinea pigs were infected in the conjunctiva by j lliSl j||. 
mg 20 ^1 of GPIC suspended in sucrose-phosphaie 
buffer (2-SP)" directly mm x \ lv conjunctival sac. In 
some rases, only one eye was inoculated. In the assess- 
ment of infection in these animals, both eyes were 
observed for the development of disease, hut in no 
case was contamination of the (minor ulated eve de- 
UTted. Infection doses were generally approximately 
W inclusion-forming units of Gp|G. This dose, 
■bough perhaps unrealistically high in comparison to 
human*, was used to ensure a larger amount of ami- 
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gen to provide rtlT maximum chance to elicit the 
pathologic response. 

Purification of rHsp60 

Recombinant HSP60 (rHsp60) expressed byJMI09 
(pGP57) 7 was purified by sucrose density gradient cen- 
trifugation as described by McMullin and Hallberg" 
with some modifications. An overnight culture (4 ml) 
of JMI09 <pGP57) was used to inoculate I liter of 
Luria-Bertani medium plus ampicillin (50 Mg/ml) 
and grown to OD m = 1.0. 

The culture was placed on ice for 15 minutes and 
then centrifuged for 15 minutes at 6000 RPM in aJA- 
10 rotor (Beckman Instruments) at 4°C. The cells were 
resuspended in 40 ml of lysozyme solution (1 mg/ml 
lysozyme. 30 mM Tris-HCI, pH 8.0, I mM ethylenedi- 
aminetetraacetic acid, 20% sucrose (wt/vol) and were 
kept on ice for 30 minutes. The resultant spheroplasts 
were then centrifuged for 10 minutes at 28(%at 4°C. 
The cells were resuspended in 8 ml of buffer TM (50 
mM Tris-HCI, pH 7.0, 10 mM MgCI,) on ice and soni- 
cated for 5 to 10 seconds. The lysate was then centri- 
fuged at 26,popjf for 15 minutes, and the supematarii 
was collected. Two milliliters (approximately 25 mg 
total protein) of the supernatant was layered onto a 
15% to 30% continuous sucrose 'gradient made with 
buffer TM in 25 X 89 mm Beckman Ultra Clear tubes 
(Palo Alto, CA). An SW28 rotor was run at 25,000 
RPM and 4°C for 18 hours. Fractions (2 ml) were 
collected and analyzed by SDS-PAGE and Coomassie 
blue staining,. Peak fractions containing rHsp60 were 
used for subsequent experiments (Fig. I). 

Generation of Salmonella typhimurium 
Expressing Chlamydial rHsp60 

S. (yphimumm strain SI 326 1 7 was prepared for electro- 
transformation in water according to BioRad (Rich- 
mond, CA) Gene Pulser instructions. Elecirocompe- 
tent SW2ttl cells {! X I0 K colony-forming units in 40 
Ml) were mixed with pGP57 plasmid DNA (10 fig in 
10 fi\ water) in a 0.2 cm gene pulser cuvette and elec- 
trotransformed using a BioRad Gene Pulser (25 //FD 
and 1.5 kV) equipped with Pulse Controller (1000 
OHMS). Ampicillm-resistam colonies were grown to 
OD (illn = 0.7 and frozen at -70 W C in Luria-Bertani 
medium supplemented with 10% glycerol. Isolates 
were assessed by SDS-PAGE for expression of 
i HSPbO. A positive isolate designated SI326I (pGP57) 
expressed high levels of rHsp60 (approximately 5% 
to 1 0% of bacterial dry weight) and was used for subse- 
quent inoculations of animals (Fig. 2). 

Immunization and Assessment of Immune 
Response 

Guinea pigs were immunized subcutaneously (SC) 
wiib 50 Mg ui rHspoO suspended in phosphate-buf- 
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figure i. Purification of GroEL. A Coomassie blue stained gel of each fraction from the 
sucrose gradient purification procedure (10 pi per lane). Lane I represents the bottom of 
the gradient, and lane 19 represents the top. Molecular weights (kd) arc indicated at the 
right The top arrow indicates the position of rHspbO; the bottom arrow indicates the 
position of rGsplO (GroES homologuc). 



fered saline and emulsified 1:1 in Freunds incomplete 
adjuvant. Immunization with Salmonella typhimurium 
aroA SL 3261 expressing the GPIC Hsp60 was by the 
instillation of 25 fx\ of a suspension containing 10 H 
viable organisms. Although the amount of rHsp60 de- 
livered by the Salmonella cannot be exactly deter- 
mined, it was probably in the range of 15 to 20 /zg. 

Serum and ocular secretions were obtained as de- 
scribed previously. 10 Antibodies to Hsp60 were mea- 
sured using a standard enzyme-linked immunoabsor- 
bent assay with either GPIC elementary bodies or 
rllsp60 as antigens." For each antigen, 0.5 fig were 
used per well in a 96-well microliter plate. Immuno- 
globulin G (IgG) antibodies to either antigen were 
measured using pcroxidase-labeled rabbit anti-guinea 
pig IgG (ICN. Costa Mesa, CA), and immunoglobulin 
A (IgA) antibodies were measured using rabbit anti- 
guinea pig a-chain (ICN) followed by peroxidase-ia- 
beled goat anti-rabbit IgG (ICN). 

Assessment of Pathologic Changes 

Pathologic changes were assessed using a modification 
of the 0 to 4+ scale described by Watkins et al. * Briefly, 
palpebral and bulbar conjunctiva are evaluated for 



erythema, edema, and exudation. The scores ate de- 
fined as follows: slight erythema or edema of either 
the palpebral or bulbar conjunctiva, 1+; definite ery- 
thema or edema of either the palpebral or bulbar 
conjunctiva, 2+; definite erythema ~>r edema of both 
the palpebral or bulbar conjunctiva, 3+; definite ery- 
thema or edema of both the palpebral or bulbar con- 
junctiva and the presence of exudate, 4+. In most 
experiments, two individuals evaluated the animals al- 
though it was not possible to blind the individuals as 
to the identity of the animals. In the majority of the 
cases, the scores were reported to be the same by eacli 
grader. If there was disagreement, the mean of the 
scores was taken. 



RESULTS 

Subcutaneous Immunization With rHsp60 

To determine whether immunization with rHspbO 
could exacerbate an ocular challenge with viable 
GPIC, five guinea pigs were injected subcutaneously 
with 50 /zg of purified rHsp60 in Frcund's incomplete 
adjuvant on three separate occasions at 2-week inter- 
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Days After Infection 

figure 3. Effect of immunization with rHsp60 by the subcu- 
taneous route on the development of pathologic changes 
in the eye in a primary guinea pig inclusion conjunctivitis 
infection. 



interesting to note that reactions were not seen by 24 
ro 48 hours after inoculation, wfrvc h ^ 
the time a response was expect^dJf^re^re a strong 
. classic-OTH reaction. In contra*^ 
ence in the course of the infection between. the two 
groups as assessed by inclusion scores (Fig. 4) 

This experiment was repeated, and a group of 
animals immunized with UV light-inactivated EB was 
included to determine if a similar reduced response 
was observed. Once again, the response of the rHsp60- 
immunized animals was reduced when compared to 
the controls, as was the response of guinea pigs immu- 
nized with UV-GPIC EB (Fig. 5). As observed in the 
first experiment, immunization with rHsp60 had no 



FIGURE 2. Salmonella ly/ihimurium SL.12tiI expressing chla- 
mydial rHspnO. Strains: lane I. SL:V2<>1; lane % 
SLM26I(PGP57). Molecular weights (kcl) arc indicated at 
the left. The arrow indicates the position ol i JlsptiO. 

vals. Two weeks after the last immunization, the immu- 
nized animals and four control unimmunized animals 
were inoculated in the left eye only with 10" inc lusion- 
forming units of GPIC, and the development of gross 
pathology was monitored daily. Conjunctival scrapings 
were collected every S days for the determination of 
inclusion scores. Interestingly, the- animals immunized 
with rHspOO did not have enhanced pathology but 
actually had a small but significantly (P < 0.0001) 
lower level of pathologic changes than did the control 
unimmunized animals, according to a two-way analysis 
of variance with repeated measures on two factors 
(treatment and days) (Fig. 3). Furthermore, it was 
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HGURE4. Elici t of immunization with HspW) by the subcuta- 
neous route on the course ot ocular infection with guinea 
pig inclusion conjunctivitis. 
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FIGURES. Effect of subcutaneous immunization with rHsp60 
on a primary and a challenge infection with guinea pig 
inclusion conjunctions (GPIC) in comparison to immuniza- 
tion with ultraviolet light-inactivated GPIC elementary bod- 
ies. Animals were given a primary infection only in the left 
eye. The challenge data in this Figure represent the re- 
sponse in the right eye when reinfected 30 days after infec- 
tion. 

;^rTe<ft dn'tfife course of the primary ocular infection"' 
^feS* 1 assessed by the percentoge^ cells 
^h**}*}^ inclusions on a Giemsa-stained conjunctival 
scrapwig, whereas immunization with (JV-GPIC did 
reduce the intensity of infection, as seen before. 1 s 

The animals were then reinfected with viable 
GPIC in both eyes either 30 or 75 days after the pri- 
mary infection to determine if the rHsp60 immuniza- 
tion followed by infection in one eye would accentuate 
the course of a second infection. In actual clinical 
disease in humans, it is the repeated antigenic chal- 
lenge that apparently results in the production of im- 
munopathology, so this experiment was more realistic 
in this regard. Reinfection with live GPIC in the pre- 
viously infected left eye did not result in any obvious 
pathologic changes (data not shown). In contrast to 
the left eye, pathologic changes were noted in the 
previously uninfected right eye after the infection on 
day 30 (Fig. 5). However, the pathologic response was 
significandy lower (P < 0.001) in the immunized 
group when compared to UV-GPIC-immunized and 
unimmunized controls. 

When separate immunized groups, also given a 
primary infection in the left eye, were reinfected in 
both eyes 75 days after the primary infection, patho- 
logic changes were seen in both eyes; in both scenar- 
ios, the pathologic response was lower in the UV- 
GPIC-immunized and the rHsp60-immunized groups 
than in the control group (Fig. 6). These data were 
provocative because they were contrary to what was 
expected. Rather than producing an exacerbated re- 
sponse by immunizing with rHsp60 before ocular chal- 
lenge with viable chlamydiae, immunization actually 
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on challenge infection 80 days after the primary infection. 
Animals were given a primary infection only in the left eye. 

seemed to provide a statistically significant measure 
of protection against pathologic changes, albeit not 
great in magnitude. 

The IgG and IgA antibody responses to Hsp60 in 
ocular secretions before reinfection at 20 and 75 days 
after the primary infection was determined to assess 
the degree of reactivity to each antigen. At each time, 
the response to Hsp60 was significantly greater in the 
rHsp60-immunized guinea pigs when compared to 
controls, although a strong response was also noted 
in the group immunized with UV-GPIC EB (Ta- 
ble 1). 

Immunization With Attenuated Salmonella 
typhimurium Expressing rHsp60 

One explanation for these results was that SC immuni- 
zation was unable to elicit T cells with the appropriate 
receptors necessary to home to the mucosal site. Thus, 
it may be essential to stimulate a local mucosal T cell 
response for a local DTH response to be elicited by 
GPIC challenge. To lest this hypothesis, guinea pigs 
were immunized with attenuated .V. typhimurium ex- 
pressing rHspoO. One group of guinea pigs was immu- 
nized SC with 50 /xg of purified rHspfiO in Freund s 
incomplete adjuvant, followed 2 weeks later with ocu- 
lar inoculation of recombinant bacteria, and 2 weeks 
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Immunization 


IfnmutKifffobtdifi 


f»" Immunoglobulin A 
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HspliO 
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None 


3 !<» ± 0.39* 
2.2ii * 0.10 
1.72 i 0.40 


3.22 ?• (i:u 

l-'.m i 0.H7 
!.W1 i 0.37 
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1.01 i 0.01 
0.90 ± O.HH 
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l :to ± 0/2.", 
0.73 ± 0.K5 


* l-<»«i» i SI). — 
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aJler .hat with a combined ocular banc-rial inoculation 
and SC purified rHspGO inoculation. A second group 
received ihree SC inoculations with rHiptiO in 
Freund x incomplete adjuvant at 2-week iiiit.vals A 
third group was not immunized. Both immunization 
regimens resulted in the production of specific serum 
and secretion IgG (Table 2) when assessed just before 
the primary infection, indicating that the system was 
indeed primed. The IgG response in the SC imm-i- 
mzed group Was much greater than the response elic- 
iied I by the ■combined ociijar ancl^C 1 immunization 
- ."- '-•J ,-rcgimen. . ■ . n . 

■ „ two weeks afier the last imminTfeaiion, all guinea 
pigs were given a primary infection with/. 10" huiusion- 
fonning. units ( ,| CI'IC i„ both eyes. As before the " 
pathologic response resulting Iron, ,|,e primary infec- 
tion was lower in the SC immunized group than in 
the control group (data no. shown). The combined 
M.-ocular .minimized group had an equally low re- 
sponse. When the course of (he infeciion was com- 
pared between .he groups, no differences in the level 
or length of infertio,, were no.ed. and the inlec.ion 
was, m fact, similar lo the infenion seen in Figure 4 
However, on rcinfe, .ion HO «l ;ivs antT lilt . ' nmv<i „ 
m/eciio... only the SC group demonstrated a de- 
creased pathologic reaction. The SC-ocular com- 
bined immunization group had the same level of re- 
sponse as did the control animals (Fig. 7A). Once 
again, responses were not seen at 24 lo 48 hours alter 
inoculation. Similar data were obtained when the ex- 
pinmen. was repeated (Fig. 7B). When (he Jgf; ;m ,j. 

TABLE 2 . Antibody Titet.s :« RspoO j„ Set tin. 
and Ocular Secretions Before 
the Primary Infection 



Immunization 

Subi iil;uiroiis 

o< ii|;it 
Sub* nr.iiK « mis 

itftlllf 



^rumjr^C^ Ocular Srcrehvns I^C 



3.H2 :♦. 0.22 



0.70 / 0 || 
M«l> t O.Of 



body response to HspliO was determined in ocular 
secretions before the day 30 challenge, SC immunua- 
iion was once again found to elicit a higher response 
than the SC-ocular immunization group (3.38 ± 0.22 
versus 2.28 ± 0.27, respectively; f> < 0.0001). 

DISCUSSION 

In this study, we attempted to determine the effect of 
immuiu/ation of guinea pigs *i5&piirili^H^"B0oii 
subsequent, ocular infection With GP1C Because 
HspoO has: heen shown to elidrta DTH ; %sponse in : 
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HCURK7. Comparison ol sulw inatu ous i.i».i.uni/ali.>n with 
r s,X,0 and ...tnbimd si.lx uianeons immunization with 
r HspM) and ocular immunization with viable Salmonella tybhi- 
,n„r,„m expressing guinea pi K in.lusio., conjunctivitis 
i l lsr»l>0. Panels A and It represent ,wo separate experiment* 
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. previously infected guineTJffgs, u> it was anticipated 
that immunization with rHspbO would elicit an exacer- 
bated response when guinea pigs were infected in the 
eye with viable GPIC. However, an exacerbated reac- 
tion in the conjunctiva was not noted in any of the 
experiments, and no reactions were noted at 24 to 48 
hours after inoculation, which is the time traditionally 
associated with the development of a DTH reaction. 

Of significance was the observation that immuniza- 
tion with purified rHsp60 by the subcutaneous route 
actually reduced the pathologic response in the conjunc- 
tiva after a primary infection when compared to unim- 
munized controls. Furthermore, when the animals were 
reinfected, a 'protective" effect was still noted even 
though both groups had the same experience with viable 
GPIC. This occurred when animals were reinfected soon 
after recovery from the primary infection or even when 
they were reinfected approximately 2 months later. It is 
interesting to note that if guinea pigs were reinfected 
shortly after infecdon in the eye initially infected, no 
pathologic response was seen in any group. It has been 
ohserved that immunity to reinfection at this time after 
a primary infection is high," and it is possible that suffi- 
' dehtihdbody and T cells were already present in the 
eye after the primary infection to eliminate the organism 
-quiclUy. We have demonstrated in the GPIC-guinea pig 
genital;tract model that complete immunity to reinfec- 
tion is dependent on the number of specific T cells at 
the local site. 1 * Immunization with whole GPIC elemen- 
tary bodies did not reduce (he pathologic response to 
reinfection. 

The mechanism of this protective response remains 
to be defined, but it could be related to a strong antibody 
response to Hsp60 in ocular secretions. The subcutane- 
ous immunization regimen elicited high titers of IgG 
and IgA antibodies to Hsp60. It is conceivable that die 
antibody could "block" the Hsp60 or effect its removal 
so that a DTH response is not initiated or is diminished. 
Although it is also possible that the DTH response was 
not primed by immunization through the SC route, pre- 
vious studies have demonstrated that immunization of 
guinea pigs with purified Hsp60 by the SC route does 
elicit strong lymphocyte proliferative responses when pe- 
ripheral blood lymphoids are incubated with Hsp60 
antigen in vitro (Kincy an<! Rank, unpublished data, 
1992). We have noted" 1 in a murine model of reactive 
arthritis that in the absence of antibody, chlamydial anti- 
gen remains at the local site longer, and the pathologic 
reaction is markedly enhanced. Thus, the arthritis model 
indicates that antibody can downregulatc chlamydial dis- 
ease. 

In contrast, when animals were immunized with 
a regimen thai combined subcutaneous immunization 
with rHsp60and immunization locally in the conjunc- 
tiva with avirulent .V typhimurium expressing GPIC 
rHsprlO, no protective response was noted. In fad, the 
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intensity of the pathologic response was similar to that 
of the control unimmunized animals. These data sug- 
gest that the route of exposure to HspfiO may be criti- 
cal in the development of a pathologic response, al- 
though further experiments with immunization by 
other mucosal routes will be necessary to confirm 
these observations. In natural exposure of individuals 
to C. trachomatis in trachoma-endemic areas, people 
are exposed by the ocular route, and a DTH response 
occurs even in situations in which apparently few or- 
ganisms can be isolated.* Similarly, in the guinea pig, 
immunization by the ocular route with rHsp60, ex- 
pressed by a viable organism that can gain access to 
the intracellular environment, also elicits a response 
comparable to the natural infection. However, if ani- 
mals are previously immunized by the same- rHsp60 
through a parenteral route, the pathologic response 
on challenge with viable organisms is diminished. 
Thus, in the development of a vaccine for trachoma 
or for genital tract disease, immunization through the 
mucosal route may actually be less desirable because 
of the potential for the induction of a pathologic 
.event; especially because it is not clear if Hsp60 is the 
only antigen^ capable of eliciting an immtin%atho- ; 
■logic response; ■■- - " ; '■'"■■«? rl'. \ , . , : 

An explanation for this phenomenon might fee tt»at v 
i>re\ious I6cal immuriization followed by GPIG infection : 
may elicit a larger population of Hsp60-specific T cells 
that could home to the local site, thereby shifting the 
balance away from any blocking function of local anti- 
body. This explanation is more likely for the results of 
the secondary infection because that response is pre- 
dominantly a DTH response. 5 An alternative explana- 
tion is that the immunization dose associated with die 
S. typhimurium recombinant may have been insufficient 
to elicit the "protective" response in comparison to im- 
munization with purified RHsp60 administered subcuta- 
neously. However, we have noted that ocular immuniza- 
tion with the .V. typhimurium recombinant is sufficient to 
elicit a local mucosal antibody response to Salmonella 
antigens (data not shown). 

In contrast to reinfection, the primary GPIC infec- 
tion in the guinea pig results in a vigorous acute in- 
flammatory reaction that can mask a DTH response. 
It is not clear how immunization with rHsptiO could 
alter this response because acute inflammation arises 
from mechanisms not necessarily related to the ac- 
quired immune response. 
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task is the production of peptides in which the 
secondary structure is constrained so as to 
better represent the native protein. 

Humoral immune responses require the co- 
operation of both B-cells and helper T-cells. 
Consequently a synthetic immunogen must 
include epitopes appropriate for recognition by 
both of these elements of the immune system. 

Finally, small peptides are usually poorly 
immunogenic and therefore methods for 
improving the levels of response are important 
Examples of how this may be achieved will be 
given. 

Poliovirus-derived Epitope Expression Vectors. 
By DJ. Evans, P.D. Minor* and J.W. 
Almond (Department of Microbiology, Uni- 
versity of Reading, London Road, Reading 
and * National Institute for Biological Stan- 
dards and Control, South Mimms, Herts, 
UK). 

As part of studies to improve the safety and effi- 
cacy of the live attenuated oral poliovirus vac- 
tines ^ have used the Sabin 1 

strain as the basis for the construction of inter- 
typic antigen chimaeras. Antigenic determinants 
from the less stable type 2 and type 3 strains 
have been engineered onto the surface of the 
multiply attenuated type 1 strain, via the muta- 
genesis of an infectious cDNA clone of Sabin 1. 
Our studies have initially concentrated upon 
antigenic site 1, a linear epitope occupying resi- 
dues 92-103 of capsid protein VP1, which pro- 
jects at the pentameric apex of the virus particle. 
Viable chimaeric virus particles, in which this 
region of Sabin 1 has been replaced with the 
corresponding sequence from a type 3 strain, 
have antigenic and immunogenic characteristics 
of both the type 1 'backbone* and the inserted 
sequence. To allow more extensive modification 
of antigenic site 1 of Sabin 1 we have con- 
structed a series of mutagenesis cassette vectors. 
Unique restriction sites have been introduced 
flanking the region of the cDNA encoding anti- 
genic site 1, thereby facilitating the rapid 
replacement of the region with complementary 
oligonucleotides encoding sequences of choice. 
The cassette vectors have been used to intro- 
duce sequence encoding known or predicted 
antigenic sites, from a range of pathogens 
including human and simian immunodeficiency 
viruses, human papillomavirus type 16 and 
Chlamydia trachomatis. 
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Expression and Secretion of Repertoires of VH 
Donahs ia Escherichia coU: Isolation of 
Antigen Binding Activities. By A. Griffiths, 
E. Sally Ward, D.H. GCssow, P.T. Jones 
and G. Winter (MRC Laboratory of 
Molecular Biology, Hills Road, Cambridge 
CB22QH, UK). 
The Fv fragment of an antibody forms the 
antigen-binding site, and consists of heavy (VH) 
and light chain (VL) variable domains packed 
together by hydrophobic interactions. Each of 
these variable domains has three hypervariable 
loops (complementarity determining regions; 
CDRs), supported on a framework of beta- 
sheets, and most of the antibody contacts with 
antigen are made by these hypervariable resi- 
dues. We are interested in the determinants of 
antibody affinity and specificity, and art using 
an Escherichia coli secretion vector to clone and 
express antibody variable domains which have 
been manipulated in vitro. Leakage of expressed 
protein from the periplasm into the culture 
supernatant fluid allows the use of ELISAs to 
analyse supernatant fluids directly for antigen 
binding. We have expressed the anti-Iysozyme 
D1.3 Fv in this system, and found that for this 
antibody, VH binds antigen with high affinity in 
the absence of VL. This led us to generate reper- 
toires of VH domains for the expression of 
binding activities in E. colL To produce these 
repertoires, rearranged VH genes have been 
cloned from antibody-producing cells of immu- 
nized mice using the polymerase chain reaction. 
VH domains with desired binding activities 
have been identified by screening with ELISA, 
and several of these VH domains which bind to 
hen egg lysozyme have been purified and char- 
acterized kinetically. Current work is directed 
towards the matching of VH with VL domains, 
and Fd fragments with light chains, to generate 
Fv and Fab fragments respectively. 

The Use of Monoclonal Antibodies in Sexually 
Transmitted Infections. By Catherine Ison 
(St. Mary's Hospital Medical School, Pad- 
dingtoru London W2 IPC, UK). 
Monoclonal antibodies have been used in sex- 
ually transmitted infections in four main areas. 
The detection of antigen in clinical samples, the 
identification and epidemiology of organisms 
isolated from patients and to aid studies on the 
pathogenesis or aetiology of particular infec- 
tions. 



